In 1905, Ambard and Beaujard1) found that the administration of NaCl to the patients with hypertension produced a further increase in blood pressure and the restriction of salt resulted in a fall of blood pressure in these patients. Since then, many studies have been attempted to in vestigate the participation of sodium chloride in the occurrence of hyper tension. Dahl2) investigated the daily salt intake in 1300 subjects and found the high incidence of hypertension in the subjects who took a larger amount of salt. Itahara and others") have pointed out, that in the north-eastern district, especially in Akita prefecture, of Japan, where the incidence of hypertension and apoplectic attack is significantly high, compared with that in the other districts, the people use to take up an excess of salt in the daily diet. They are at present making effort to improve the diet, restricting the salt intake, and it is now said that the occurrence of those diseases is decreasing, though slightly, year by year. Sapierstein and his collaborators') succeeded in producing a permanent hypertension in rats by administrating hypertonic saline solution every day for a long time. It was reported by Laramore4) and Eichelberger5) that the salt content of the muscles was higher in animals with experimental hypertension.
In 1905, Ambard and Beaujard1) found that the administration of NaCl to the patients with hypertension produced a further increase in blood pressure and the restriction of salt resulted in a fall of blood pressure in these patients. Since then, many studies have been attempted to in vestigate the participation of sodium chloride in the occurrence of hyper tension. Dahl2) investigated the daily salt intake in 1300 subjects and found the high incidence of hypertension in the subjects who took a larger amount of salt. Itahara and others") have pointed out, that in the north-eastern district, especially in Akita prefecture, of Japan, where the incidence of hypertension and apoplectic attack is significantly high, compared with that in the other districts, the people use to take up an excess of salt in the daily diet. They are at present making effort to improve the diet, restricting the salt intake, and it is now said that the occurrence of those diseases is decreasing, though slightly, year by year. Sapierstein and his collaborators') succeeded in producing a permanent hypertension in rats by administrating hypertonic saline solution every day for a long time. It was reported by Laramore4) and Eichelberger5) that the salt content of the muscles was higher in animals with experimental hypertension.
The salt loading test was performed by Markley6) and others to clarify the mechanism of salt excretion. Some of them6)7) used the oral way and others8)9) parenteral way in the test. Test subjects. Test subjects are consisted of 7 normotensive nonedematous adults without any renal and heart diseases, 21 patients with essential hypertension and 15 patients with chronic glomerulonephritis. These subjects were grouped by the blood pressure value, and number of cases, blood pressure ranges and complications were tabulated in Table I . The 7 control subjects had a diet containing 15 g. of NaCl per day, 8 of the hypertensive group 15 g., 4 cases 8 g., 8 cases 4 g., and one case 2 g. per day. Out of the 15 patients with chronic nephritis, 2 cases had a diet containing 15 g. of NaCl per day, 11 cases 4 g., and 2 cases 2 g. per day. The administration of hypotensive agents was discontinued for 5 days before the test. In the female subjects, the test was made in the postor intermenstural periods, in order to avoid the abnormality in electrolytes metabolism in premenstural period.
Procedure. After an overnight fast, the test subjects were kept in rest and sodium p-aminohippurate (PAH) and mannitol dissolved in 5% glucose solution were infused intravenously to estimate renal plasma flow Electrolytes Excretion after Salt .Load in Hypertension 313 and glomerular filtration rate. After 30 minutes of the start of infusion the, urine specimens were collected by catheter every 15 minutes prior to and after the saline injection for 45 minutes. The 5 % saline solution (2 cc./Kg. of body weight) was injected intravenously within three minutes. The 6 cc. of blood specimen was obtained from the antecubital vein into the heparinized tube every 15 minutes during the test and the plasma was separated by centrifugation. The concentration of PAH and mannitol in the blood and urine specimens were determined using spectrophotometer by method of Page and Corcoran.10) The determination of Na and K were made flamephotometrically.11) The content of Cl was estimated by the method of Schales and Schales.12) Renal plasma flow and others were calculated according to the following formula : The injection of the hypertonic saline solution sometimes provoked a heat sensation of the body and thirsty sensation in the mouth which dis appeared usually within a few minutes.
RESULTS

I.
Essential hvnertension In the normal group the saline injection produced a slight depression in RPF at the first period, which rebounded to the pre-load level at the second load period. In the hypertensive groups, the saline load resulted in an elevation of RPF at the first load period followed by a decrease from the second period. This decrease in RPF was remarkable in EMS and ES ( Fig. 1-a) . A similar tendency was observed in RBF and GFR ( Fig. 1-b) . The FF did not change in the normal group even after the saline injection, but it increased in the hypertensive groups.
Effect on renal hemodynamics
Effect on plasma electrolytes
The plasma Na level at the preload period was higher on an average EMS ( Fig. 2-a) . However, there was no clear relationship between the grade of hypertension and the Na, CI and K levels. The Na level became maximum at the first period after saline injec tion and the increase rate at this period compared with the preload level was 2.2% for N, 2.3% for EM, 1.8% for EMS and 4.2% for ES. A similar relationship was observed in the CI level ( Fig. 2-b ). There was no relationship between the grade of hypertension and the increase of Na and CI concentrations. The plasma K level was lowered by the saline injection at the first or second load period and the maximum decrease rate •›-Croup of Normal Subjects
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The Na/K ratio was elevated by the saline injection and this increase rate was 3.7 % for N, 4.9 % for EM, 8.2 % for EMS and 11 .0 % for ES, respec tively ( Fig. 2-d ).
3. E ffect on minute urine volume
There was no regular relationship between the grade of hypertension and urine volume in pre-load period . In the normal group, urine volume decreased after the saline injection and in hypertensive groups , this inhibit-i ng effect of saline injection on diuresis was not remarkable , especially in ES ( Fig. 3-a) . The decrease rate of mean volume in 3 periods compared with the preload period, was -41.1 % for N, -20.9 % for EM , -15.7 % for EMS and +16.9% for ES, respectively (Table 11-5) . 
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Effect on minute electrolytes excretion
Any relationship was not observed between the severity of hypertension and the electrolytes excretion at the pre-load period (Table 11 -6, 7, 8) .
After the saline injection the urinary excretion of Na rose during the first period and thereafter it fell (Fig. 3-b) . The mean ratio of the ex creted Na before and after the saline load was -1.8% for N, +27.2% for EM, +48.5% for EMS and +46.6% for ES (Table II-b) . The ex cretion of Na became greater with an increase in blood pressure. A similar phenomenon was seen in the excretion of Cl. The excretion of K was decreased by the saline injection in the normal group but it was elevated or unchanged in the hypertensive groups ( Fig. 3-c) .
II. Chronic glomerulonephritis
Effect on renal hemodynamics
The mean RPF of the nephritis group was less than that of normal group and it was lower in the group of chronic nephritis with hypertension than in that without hypertension (Table 111 
0
Group of Normal Subjects ----Chronic Glomerulonephritis (normotensive)
Effect on plasma electrolytes
The plasma Na concentration at the pre-load period was higher in the groups of chronic nephritis than in the normal group and this value has an inclination to become larger with an increase in blood pressure ( Fig. 5-a) . A similar relation was observed in the plasma K concentra tion (Fig. 5-c) , but not in plasma Cl level (Fig. 5-b) .
The saline injection provoked the increases in plasma Na, CI and Na/K ratio and the decrease in plasma K (Fig. 5) . The changes in plasma K and Na/K were more prominent in the groups with high blood pressure.
Effect on minute urine volume
The urine volume at the pre-load period was lower in this group than in the normal and the groups with essential hypertension. The changes after the saline load are charted in Fig. 6-a. 
Effect on minute electrolytes excretion
The electrolytes excretion of Na and Cl at the pre-load period were less in this group than in the normal group and the groups with essential hypertension (Fig. 6-b) .
The saline injection caused an increase of Na excretion in the all groups of chronic nephritis and the increase of Na excretion after load was -{-16.1 % for NN, +28.8 % for NM, + 144.5 % for NMS and +83.9 % for NS (Table 111- 6) . These rates in the nephritis group were signifi cantly greater than those in the normal group and this rate became more augmented with an increase in blood pressure . The chnges of electrolytes excretion of K are shown in Fig. 6 -c. Fig. 7 shows the relationship between the mean arterial blood pressure and the increased electrolytes excretion of Na in each of the test sub jects. A linear relationship is seen between them. The relation between GFR and the electrolytes excretion of Na is charted in Fig. 8. A linear relationship is also demonstrated.
The effect of saline injection the on blood pressure is summerized in Table IV . It is hard, however, to find a definite trend of changes in it.
The typical cases were charted in Fig. 9 .
To summerize, the cases with hypertension, in the groups of essential hypertension as well as in the groups of chronic nephritis, showed an excretion of larger amount of Na and Cl than the cases without hyper tension. Q Group of Normal Subjects
•£---(moderately severely hypertensive) Green8) performed an intravenous saline loading test in 79 subjects with and without hypertension and he found that the urinary excretion of Na before and after the saline injection was significantly greater in the subjects with hypertension. He emphasized that the patients with hyper tension could be classified into the " normal salt-excretor " and the " high salt-excretor ". In the " high salt-excretor ", by his definition, the urinary Hollander and his co-worker") injected 300 cc. of 2.5% saline solution to the patients with essential hypertension and found an increase in urinary excretion of salt for 25-30 minutes after the saline injection. They observed a normalization of " high saltexcretion " by the long term administration of hypotensive agents, and speculated that the hypertension might influence directly on the renal tubular function, and that arterial pressure may play an important role in the control of sodium excretion. Farnsworth and his co-workersls)-18) observed the higher excretion of Na and Cl after the saline injection in the patients with essential hyper tension in comparison with normal subjects. Brodsky and his co-workers19) also observed that the urinary excretion of Na and Cl were 2-21 times in 6 patiens with hypertension as high as in normal subjects. Both of these workers supposed the presence of impaired reabsorption mechanism of water and Na in the renal tubules of the hypertensive patients.
Birchall and his co-workers20) injected 2.5% NaCl solution (0.25 cc./ Kg. of body weight (min.) for 45 minutes and observed the urinary excre tion of NaCl for 45 minutes after the end of the saline injection and found that the hypertonic saline injection inhibited the water and salt excretion in the normal subjects but this inhibiting effect was less in the patients -with hypertension . This inhibiting effect of the saline injection became decreased with an increase in blood pressure. They supposed that the cause of the high salt and water excretion in the patients with hyper tension might be due to a lowered secretion of antidiuretic hormon by the stimulation of saline injection, i.e., the hypertensive patients showed some impaired function in the hypothalamico-neuro-hypophyseal system.
The results of the other workers2l-2a) on saline load experiments agree -with the results of the present experiments . The results of the present .study, in which the salt excretion of the hypertensive patients at the basal period is slightly increased and that after the saline load is remarkably increased in comparison with the normotensive subjects, are coincident -with the results of Green8) and Cottier.13) These experimental results seem to indicate the influence of blood pressure on the excretion of salt and water. Selkurt and his co-workers26) made an artificial stenosis of abdominal aorta just above the branching .of right renal artery in 5 dogs and found that the lowering of blood pressure in the right renal artery caused a decrease in Na excretion and in •GFR without any change in RBF. Richards27) found that the elevation of blood pressure without any change in RBF provoked the increases in :urine volume and the urinary excretion of electrolytes in rabbits. Verney28) 29) found that the ligation of some branch of renal artery caused the increase in water and Cl excretion and they thought these increases might be due to an increase in renal arterial blood pressure in this side. Shipley30) observed an increase in urine volume when he raised the renal blood pressure in dogs and he concluded that the elevation of blood pressure increased the tissue pressure in the kidney which might change the tubular rejection of water and electrolytes. A similar effect was also observed by compressing the capsula of the kidney. These experiments demonstrate that the, elevation of blood pressure promotes the excretion of the salt and water. Fig. 10 shows a case, in which the excretion of Na and the urine volume decreased with the fall of blood pressure. This case also indicates an important role of blood pressure in the excretion of Na and water.
The next important factor, influencing on the excretion of Na, is the hemodynamics of kidney. The decreases in RPF and GFR reduce a urine volume and the renal excretion of electrolytes.26)31) In present study, the excretion of water and sodium was lower in normotensive nephritis group than in normal subjects, and similar trend was observed in hypertensive nephritis groups compared in the same blood pressure range with groups of essential hypertension. It may be the cause of this lowered excretion of Na and water in nephritis group, that RBF and GFR were decreased in these groups than in normal or essential hypertension groups of the same blood pressure range. Meri1132) and Mokotoff33) reported that the decreased cardiac output in heart failure provoked the decrease of RPF and GFR, and that the decrease in GFR reduced the Na excretion and caused an edema. These facts suggest that an increase in the Na excretion is possibly due to an increased GFR and it is demonstrated in Fig. 7 that a linear relationship is presented between GFR and Na excretion. Therefore, one of the causes of the greater excretion of Na in the hypertensive patients may be an increase in GFR after the saline load in these patients, although another possible cause is an indirect effect of hypertension on tubular absorption of Na and water, as pointed out by Farnsworth16-18) and Shipley.30) Cottier13) and Baldwin et al.23) faild to find any effect of the salt load on GFR, but Hollander et al."') found an increase in GFR after the salt load in hypertensive patients, although no change in the normal subjects.
It was reported that the concentration of plasma Na and Cl also in fluenced on the renal excretion of Na and Cl, as Barger et al.34) injected the saline solution into a unilateral renal artery and found the greater excretion of NaCl from the injected side. The present experiment, however, failed to show any relationship between the renal excretion of NaCl and the plasma Na level after the saline injection. It was reported by Cottier et al.") that there was no difference in an increment of plasma Na induced by the saline injection between the normal subjects and the patients with hypertension.
In the present experiment, where the test subjects were grouped by the grade of hypertension, showed that the RPF and GFR were the least in the group of severely hypertensive patients. Further, it was found in the present study that the excretion of Na became greater with an advance of hypertension as far as the renal function was normal. It seems, as indi cated by Cottier, 13) that the " high salt-excretor " corresponds with the stage where the renal function is not impaired and the " normal salt excretor " with the stage where the renal function is damaged.
Setooka353 reported that the excretion of Na after the saline load was less in the patients with essential hypertension or chronic nephritis than in the normal adults. It is one of the causes of this discrepancy between his result and the present result, that his test subjects contained the cases with edema. These facts indicates the sodium retention in the body of the patients with hypertension. It was suggested by Birchall et al.20) , that the patients with hypertension would have a surfeit of tissue sodium and chloride, and therefore reject additional salt more rapidily. We may consider that the retention of Na in the patients with hypertension is not due to the impair ment of Na excretion from the kidny but due to other factors, for example, abnormal secretion of hormons regulating electrolytes.
The mechanism of the depressor effect of Na-restricted diet is not yet clear. Friedman et al.37) found that the fluctuation of blood pressure provoked a movement of Na through the cell membran, i.e., an elevation of blood pressure accelerated the entrance of Na and water into cells. Dustan et al.38) found that the depression of blood pressure by Chloro thiazide caused an increase of urinary Na excretion and decrease in plasma Na concentration and they speculated that the depressor effect of Chloro thiazide presumeably depends on the same mechanism in low salt diet therapy.
The author feels that the mechanism of the curative effect of Na-restricted diet on hypertension may be found in the reduction of intra cellar Na concentration-that reduction produced by the emigration of NaCl from the cells into the extracellar fluid which occurs in order to supply or shift the decreased concentration of this fluid due to the restric tion of Na intake. Therefore, it is necessary for the patients with essential hypertension or with chronic nephritis accompanied by hypertension to keep the Jow salt diet even after 'the normalizing off their elevated blood pressure, because a high salt diet is apt to produce a retention of Na in the body in such a recovery condition.
SUMMARY
The salt loading test was performed in 7 normal aduls, 21 patiens with essential hypertension and 15 patients with chronic nephritis with and without hypertension. After an overnight fast, 5 % saline solution was injected intravenously every 2 cc. per Kg. pf body weight and the changes in °plasma electrolytes, renal hemodynamics, urine volume and urinary excretion of electrolytes were observed.
The saline injection provoked the increase in plasma Na and Cl con centrations, and the decrease in plasma K concentration was more promi nent in the groups of essential hypertension and chronic nephritis with hypertension and it became greater with an increase in blood pressure.
A linear relationship was observed between an increase in urinary excretion of Na and increase in glomerular fitration rate which were pro duced by the saline injection. In the patients with essential hypertension and with chronic hypertensive glomerulonephritis, the urinary excretion of Na after the saline injection became greater with an increase in blood pressure. 
